Objective: It is widely believed that the rate of pathological gambling is related to the accessibility and availability of gambling activities. Few empirical studies have yet been conducted to evaluate this hypothesis. Using a longitudinal prospective design, the current study evaluates the impact of a casino in Canada's Hull, Quebec region.
I n most industrialized countries, there has been a marked increase in access to legalized gambling, in participation in legalized gambling, and in expenditure toward legalized gambling (1, 2) . Gambling is a popular activity. Recent epidemiologic studies show that most of the adult population (about 80%) reports having gambled during the last year (3, 4) . Although most gamblers will not develop problems, unfortunately, some gamblers will experience gambling-related problems so severe that they ultimately seek treatment. The rates of pathological gambling differ according to the instrument used, but it is generally recognized that the estimates of this disorder are about 1% in Canada and the US (4-6).
Pathological gambling was officially recognized in 1980 with the publication of the DSM-III and was classified as an impulse control disorder (7) . The DSM-IV defined 10 criteria reflecting different aspects of pathological gambling (8) . Some individuals will eventually become overwhelmed by the desire to gamble, some will gamble more than they planned, and some will eventually spend more money than they can afford to lose. Gambling-related problems will interfere with their daily functioning. Pathological gambling is characterized by loss of control over gambling, lying about the extent of involvement with gambling, disruptions to family life and job, and continually chasing losses. Some individuals will even engage in criminal activities to support their gambling.
Why some individuals develop gambling problems and others do not is a currently unanswered question. Since legalized gambling has expanded steadily over recent years in Canada and in the United States, availability has often been suggested as a critical factor associated with the rates of problem gambling (2, 3, 9, 10) . Participation in gambling activities is a prerequisite condition for the development of gambling problems. It is logical to believe that increased exposure to gambling opportunities will lead to an increase in the number of pathological gamblers. This position postulates that the object of addiction (here, gambling) will lead to an increasing level of pathology (11) . This position is shared not only by many scientists in the field who typically assert a clear link between availability and gambling-related problems (11) but also by a US national official review (12) .
The validity of this position, called the exposure theory, has become the focus of many debates, both at a national and at an international level (13) . In a recent issue of Addiction (September 2005), 5 gambling experts were invited to comment on a position paper discussing the liberalization of the UK gambling legislation (14) (15) (16) (17) (18) . The main debate of the paper rests on the assumption that increased availability will raise the level of gambling-related harm in the general population (19) .
Empirical studies, however, have not always supported this potential causal link (6, 20) . New perspectives are now emerging. While availability or exposure to gambling may increase the prevalence of pathological gamblers, some authors now suggest that this effect will level out and eventually decline (11, 16, 17) . For example, prevalence studies that were replicated with cross-sectional designs have shown that the rates of pathological gambling have remained stable over a period of 5 or more years and that there was neither an increase nor a decrease (4;21;Wiebe, personal communication). Another way to explore this important question is to measure the impact of a casino opening on individuals' gambling habits (22) (23) (24) . We conducted the first phase of the present study prior to the 1996 opening of the Hull Casino in Quebec. Since its opening, the casino underwent a name change and is now called the Casino du Lac Leamy. For consistency, we will continue to refer to it as the Hull Casino. We used a longitudinal design to collect data on the gambling habits of individuals at the time of the pretest in this region, as well as in the Quebec City region (comparison group in a region without a casino). One year later, we administered a posttest to the same participants (see 22 for details). We also evaluated the same respondents 2 and 4 years after the posttest.
The objective of this paper is to report the results of the assessment of gambling habits 2 and 4 years after the posttest. Considering the first phase of this study and the widespread belief that exposure to gambling leads to more gambling-related problems, we formulated 3 hypotheses:
1. On follow-up, compared with respondents from Quebec City, respondents from Hull will show an increase in the frequency of their participation in casino gambling activities.
2. On follow-up, compared with respondents from Quebec City, respondents from Hull will show an increase in the maximum amount of money lost in 1 day's gambling.
We use the term "probable pathological gambling" as it is used in prevalence studies to distinguish between an evaluation by questionnaire and a clinical evaluation (25).
Method

Participants
As described by Jacques and others (22) , the pretest was conducted in 1996. We randomly selected phone numbers from phone books and achieved further randomization within households by selecting the next resident (aged 18 years or older) who would celebrate his or her birthday. Table 1 presents the participation rates and the percentage of participants who agreed to be contacted for each phase of the study. We requested the participant's consent at the end of the interview as well as during each phase of the follow-up.
Instruments
The SOGS was developed by Lesieur and Blume (26) (28) . To more specifically assess the impact of the opening of the Hull Casino, we added 20 questions to the interview.
Procedure
As described by Jacques and others (22) , during the pretest, we surveyed a sample of individuals from Hull less than one month before the March 23, 1996 , opening of the Hull casino. We also surveyed a parallel sample from Quebec City. The posttest took place 12 months after the pretest, and the 2 folow-ups were conducted 2 and 4 years after the posttest. The duration of the interviews varied from 5 to 20 minutes, depending on the participant's gambling severity.
Comparison Between Follow-Up Completers and Noncompleters
Hull and Quebec respondents who participated at the 4-year follow-up differed from noncompleters on the following pretest measures:
· Respondents had higher incomes.
· Respondents were more educated.
· There were fewer single respondents, compared with noncompleters (P < 0.05).
· Respondents and noncompleters, however, did not differ on major gambling measures (for example, SOGS score, amount of money lost, and frequency of casino games).
Comparison Between Hull and Quebec Respondents at the 4-Year follow-Up
The Hull and Quebec respondents who still remained in this prospective study at the 4-year follow-up differed on some pretest measures (P < 0.05). Hull participants reported a higher income (mean 4.58, SD 1.38, compared with mean 4.03, SD 1.58), a higher degree of education (mean 3.23, SD 0.56, compared with mean 2.96, SD 0.91), and less frequent play at the casino (mean 0.16, SD 0.38, compared with mean 0.28, SD 0.45). When they were statistically significant in the model, we used these variables as covariates in the analyses. To maximize the possibility of finding an effect on the different gambling variables, we did not use the frequency of playing at the casino as a covariate.
Posttest and Follow-Ups Attrition
We examined the possibility of a differential attrition in this prospective study in 3 ways, according to gambling habits revealed at pretest, posttest, and at 2-year follow-up:
1. We categorized all the participants present at the pretest into 3 groups, according to their pretest score (see upper section of included gamblers who endorsed at least one criterion on the SOGS.
2. We classified all the available participants at posttest into 3 groups, using the same criteria, according to data collected at posttest (see mid section of Table 2 ).
3. We classified all the participants present at the 2-year follow-up into 3 groups, using the same criteria, according to data collected at the 2-year follow-up (see lower section of Table 2 ).
We compared presence or absence of participants in subsequent phases with chi-square analysis. All analyses were nonsignificant, with the exception of the nongamblers from the Quebec cohort, who had a higher attrition rate at posttest and at 2-year follow-up, based on their pretest gambling habits.
Results
Although the 1-year comparisons have already been published (22), these 2 measures are included in the current analyses to assess all potential sequence effects. When variables were ordinal or continuous, a mixed linear model (PROC MIXED, see 29) was used to analyze repeated measures. In these analyses, an unstructured covariance structure (UN-H, see 30) and the Satterthwaite F tests options were used since they are robust to violations of multisample sphericity (31). Group 1 = Participants who had not gambled durring the past year; Group 2 = Participants who had gambled during the past year and who had a score of 0 on the SOGS; Group 3 = Participants who had gambled during the past year and who met at least one criterion on the SOGS.
a Participant present at a later phase of the study may have been absent from an earlier phase.
These analyses allow us to retain participants with missing data for some of the measurement phases. All statistical analyses were also conducted on the data for the participants who were present in all 4 phases of the study. Results were similar to the ones reported here. These results could be interpreted as additional information for the nondifferential attrition rates of the samples. When the distributions were not normal, we used a log transformation.
As the object of this study was to evaluate the differential effect of opening a new casino on the Hull region compared with a region without a casino, only region´time significant interactions will be decomposed as a function of 12 predefined contrasts (see Table 3 ). To control the familywise type I error rate, we used the Holm's sequentially rejective Bonferroni test (32) . This procedure is more powerful than Dunn's or the classical Bonferroni procedure (33) .
Changes Between the 4 Phases of the Study
General Gambling Habits Frequency. We performed a 2 (region)´4 (times) mixed linear model analysis with covariates (education and income at pretest) with PROC MIXED on the logarithmic transformation of the overall gambling frequency (16) .
We found that only the education covariate was significant (F 1,1503 = 10.59; P = 0.0012). After adjusting for this covariate, Region (F 1 , 1114 = 5.27; P = 0.02), Time (F 3 , 673 = 20.10; P < 0.0001), and region´time interaction (F 3 , 673 = 3.00, P = 0.03) became statistically significant. We performed a contrast test using the LSMEANS on PROC MIXED (29) on adjusted means, which revealed a statistically significant increase on overall gambling frequency for the Hull respondents between the pre-and posttest, as well as a reduction for both groups between the 2-and 4-year follow-ups. The level of gambling reported at the 4-year follow-up was lower than the level noted before the Hull Casino opened. The contrasts also indicate that the Hull respondents reported a higher level of gambling, compared with the Quebec respondents, at the 2-year follow-up. We did not find that any other contrast was statistically significant.
Casino Games. We performed a 2 (region)´4 (times) mixed linear model analysis with covariates (education and income at pretest) on logarithmic transformation for frequency of playing at casino with PROC MIXED (29) .
Only the income covariate was statistically significant (F 1,1498 = 3.96; P = 0.0467). After adjusting for this covariate, region (F 1,930 = 76.66; P < 0.0001) and time (F 3,622 = 65.43; P < 0.0001), as well a region´time interaction (F 3,622 = 90.22; P < 0.0001), became statistically significant. The contrast analyses performed on the adjusted means revealed an increase of gambling participation for Hull respondents between the pre-and posttest, whereas this variable decreased progressively at the 2-and 4-year follow-ups. For Hull respondents, the adjusted mean observed at the 4-year follow-up was statistically superior to the pretest mean. With the exception of the pretest, Hull respondents reported more frequent gambling at casino games than did Quebec respondents during all phases (see Table 4 ). and income at pretest) on the logarithmic transformation of the maximum amount of money lost in 1 day of gambling.
The education and income covariates were statistically significant (F 1,1394 = 20.49; P < 0.0001 and F 1,1426 = 5.28; P = 0.0217, respectively). After adjusting for these covariates, region (F 1,959 = 20.92; P < 0.0001), time (F 3,627 = 66.10; P < 0.0001), and region´time interaction (F 3,627 = 14.95; P = 0.0001) became statistically significant. These contrasts indicated that at the posttest, both Hull and Quebec respondents had increased the maximum amount of money they lost in one day. The amount of money lost reported by Hull respondents was statistically superior to that of Quebec respondents at posttest and at the 2-year follow-up. At the 2-and 4-year follow-ups, this variable decreased for Hull respondents. The average amount of money lost by Hull respondents, at the 4-year follow-up, remained statistically higher than that of the pretest. No other contrast was statistically significant (see Table 4 ).
Number of Games Played. Using PROC MIXED (29), we performed a 2 (group)´4 (time) mixed linear model analysis with covariates (education and income at pretest) on the logarithmic transformation of the number of different games played.
We found that the education and income covariates were statistically significant (F 1 , 1380 = 41.68; P < 0.0001 and F 1 , 1408 = 9.62; P = 0.002). After adjusting for these covariates, region (F 1 , 1080 = 16.20; P < 0.0001), time (F 3 , 621 = 28.38; P < 0.0001), and the region´time interaction (F 3 , 621 = 24.03; P < 0.0001) were statistically significant. The contrast tests performed on adjusted means revealed that the Hull respondents reported a significant increase in the number of games played between the pre-and posttest and a significant decrease between the posttest and the 2-year follow-up, as well as between the 2-and 4-year follow-ups. For both the Hull and the Quebec respondents, the reported number of games played at the 4-year follow-up was statistically lower than that reported at pretest. The number of games played by the Quebec respondents decreased between the pre-and posttest. At posttest, as well as at the 2-year follow-up, the Hull respondents reported having played more games than the Quebec respondents. There were no other statistically significant differences.
Differential Change in the Number of At-Risk or Probable
Pathological Gamblers. To evaluate the hypothesis of a differential development of problem gambling on the largest number of respondents available at each phase, we performed a series of nonparametric repeated measures ANOVA 2 Time and the region´time interaction, however, were not significant. Finally, the comparison between the 2-and 4-year follow-ups did not yield a significant result (for time, region, and region´time interaction, see Table 5 ).
Incidence of At-Risk and Probable Pathological Gamblers.
We examined the incidence by identifying the number of new probable pathological gamblers for each successive phase of the study (see Table 5 ). We did not observe any significant effects between the Hull and Quebec respondents from pre-to posttest (1-tailed Fisher's exact test, df 1868; P = 0.21,), from posttest to 2 year follow-up (1-tailed Fisher's exact test, df 1633; P = 0.06) and from 2-to 4-year follow-up (1-tailed Fisher's exact test, df 1414; P = 1.0). We obtained similar results when we examined the incidence of the number of new at-risk gamblers. We observed no significant effects between the Hull and Quebec respondents from pre-to posttest (÷ 2 = 1.32; n = 850; P = 0.25), from posttest to 2-year follow-up (1-tailed Fisher's exact test, df 1623; P = 0.51), or from 2-year to 4-year follow-up (1-tailed Fisher's exact test, df 1410; P = 0.45).
Number of Criteria on the SOGS.
To check that the lack of a significant effect found on number of at-risk and probable pathological gamblers was not due to a specific category of participants, we conducted additional analyses on the number of criteria met on the SOGS. We performed a 2 (region)´4 (times) mixed linear model analysis with covariates (education and income at pretest) on the logarithmic transformation of the number of criteria met on the SOGS with PROC MIXED (29) .
We found that the education covariate was statistically significant (F 1,1493 = 17.36; P < 0.0001). After adjusting for this covariate, the effects of Region (F 1,1074 = 15.04; P = 0.0001) and Time (F 3, 685 = 4.85; P < 0.0001) were statistically significant. The interaction was not significant (F 3,685 = 2.32; P = 0.0745; power = 0.58).
Impact of Casino.
Using PROC MIXED (29), we performed a 4 (times) mixed linear model analysis with covariates (education and income at pretest) on logarithmic transformation of level of agreement with the opening of a Casino in Hull (for Hull respondents only).
The education and income covariates were statistically significant (F 1,1115 = 12.12; P = 0.0005 and F 1,1123 = 4.47; P = 0.0348, respectively). After adjusting for the covariables, we found that a time effect was statistically significant ( Some participants were not present or available for all follow-up phases; therefore, there were fewer participants available for the incidence than there were for the prevalence rates.
33.64; P < 0.0001). We performed 4 contrast analyses on adjusted means. Hull respondents agreed significantly less with the establishment of the Casino at posttest (mean 0.56, SE 0.0046) than they did at pretest (mean 0.59, SE 0.0046). This agreement was lower at the 4-year follow-up (mean 0.52, SE 0.0067), compared with the pretest and the 2-year follow-up (mean 0.56, SE 0.0049).
Problem Gambling Among Significant Others. Since it was not possible to conduct omnibus tests on the 2 variables while maintaining the maximum number of available participants, we performed a series of nonparametric analyses (chi-square test for region effect and McNemar tests for time effect) on the basis of the 12 contrasts. We used the Holm's sequentially rejective Bonferroni procedure to adjust the alpha level.
The assessment of the presence of an individual other than the respondent within the household who had a gambling problem only revealed a significant region effect at the 4-year follow-up. Significantly more Hull respondents reported a problem gambler in their households (5.7%), compared with Quebec City respondents (0%) (÷ 2 = 13.68; df 1; n = 428;
An exploration of the respondent's perception of whether someone in their immediate surrounding had developed a gambling problem over the past 12 months (we only made 9 comparisons because this information was not available at pretest) revealed that at posttest (÷ 2 = 19.82; df 1, 877; P < 0.0001) and at 2-year follow-up (÷ 2 = 7.93; df 1, n= 677; P = 0.0049) significantly more Hull respondents reported that someone in their household developed a gambling problem. Since this information was not included at the pretest, the present results should be interpreted with caution (see Table  6 ). We used the Holm's sequentially rejective Bonferroni procedure to adjust the alpha level.
Discussion
This is the first longitudinal study, including an experimental and a comparison group, to be carried out before the opening of a casino, at posttest (1 year after the casino's opening), and at 2-and 4-year follow-up. Following some significant posttest results (22), we anticipated some strong effects at the 2 follow-ups. We hypothesised that respondents from the casino region, compared with respondents in the Quebec City region, would show an increase in the frequency of casino gambling activities, in the maximum amount of money lost in one day of gambling, and in the number of at-risk and of probable pathological gamblers.
One year after the opening of the casino, results indicated a significant increase in casino gambling activities and in the amount of money lost to gambling of the Hull, compared with the Quebec, respondents. However, contrary to our hypotheses, this trend was not maintained 2 and 4 years later.
Regarding the incidence of at-risk and probable pathological gamblers, we expected that the longer the exposure to gambling activities, the higher the rates would be. As we stated in our previous paper, "following up on these respondents after a longer period of time (a minimum of 3 years) should allow us to observe an increase in the number of pathological gamblers, especially following such a significant reported increase of participation in gambling activities among certain individuals" (22, p 814 ). The present results, measured in 3 different ways, failed to confirm such an increase in pathology in the Hull cohort, compared with the Quebec cohort. Taking into account the methodologic difficulties of all longitudinal studies (the quasi-experimental design and the attrition rate), this conclusion must be interpreted with caution. In relation to the research design, it would have been useful to have more than one pretest evaluation to include in a time series protocol. Such a procedure offers better control for possible threats of We addressed the attrition issue, a difficulty encountered in most longitudinal studies, in 3 specific and different ways. Results indicated that across the 2 regions at each phase the samples did not differ in terms of the categories of participants that we defined at pretest, posttest, and 2-year follow-up (that is, nongamblers, gamblers with a score of 0 on the SOGS, and gamblers with a score of 1 or more on the SOGS). How can we explain the lack of confirmation of the third hypothesis? Despite the sample size, we did expect a trend in terms of increasing the pathology. As indicated in Table 5 , the trend of the data is in the opposite direction of the hypothesis. Would the opening of a casino have a lesser effect than expected or did the present study fail to capture this potential effect? Future longitudinal studies need to confirm or reject the present results.
At the 4-year follow-up, Hull respondents were more likely than Quebec respondents to report that an individual in their household had a gambling problem. It is impossible to determine whether the respondents minimized, exaggerated, or accurately perceived the problem. Future studies should validate the benefits of this potentially important source of information.
We formulated the hypotheses in the context of the exposure model, which postulates that gambling behaviours are dependent on environmental characteristics. More explicitly, the longer the exposure to a product, the more an effect the product will have. In the present context, repeated and prolonged exposure to gambling should increase the frequency of gambling behaviours as well as the intensity of the pathology associated with a high rate of participation.
Although this model seemed logical, new empirical data do not fully support these assumptions. Recently, Shaffer, LaBrie, and LaPlante (11) presented a new public health model called the "regional exposure model." Essentially, this model emphasizes the social adaptation capacity of individuals (here the gamblers) who are exposed to a product (here the gambling) to dynamically change their behaviour in response to exposure. The social adaptation model recognizes that novelty often stimulates new interest, but through social learning, individuals will adapt to novelty and the initial behaviour modifications will decline (34). Shaffer and others further add that "early increases in new patterns. . .of gambling-whether with or without adverse consequences-are typically followed by an adaptive process that leads to lower levels of involvement or abstinence" (1, p 42). After the novelty effect erodes, some players will lose interest and move to other activities.
The results of the current study can be interpreted in light of this model. After an initial increase in gambling activities at posttest, the expected increase at the 2-and 4-year follow-ups was not confirmed. The lack of a significant increase in the gambling pathology can be explained by the fact that the regular gamblers have a tendency to move from one category of player to another, showing the transient and episodic nature of pathological gambling (35) . Many of the at-risk or probable pathological gamblers modified their gambling practices. This change was not systematically toward an increase in pathology. Changes took many directions. One implication of these results is to question the composition of the samples included in future incidence studies. Should random selection of participants among the general population still be the state-of-the-art procedure, or should we select individuals who are at risk of developing a gambling problem (36)?
The major strength of this study is to assess gambling activities and gambling-related problems before the opening of a major gambling venue (casino). More specific strengths include the study's longitudinal design carried out over a 5-year period, which provides control over variables such as maturation, societal changes, attitudes of the population toward gambling, and the potential impact of noncasino gambling; the study's repeated measures on the same participants; the inclusion of a comparison group in a longitudinal design that permits the evaluation of the incidence of problem gambling; and the lack of differential attrition. Limitations of the study include the fact that it assessed gambling activities without behavioural indicators (future studies could examine the possibility of using "player's cards" to assess gambling frequency and the amount of money spent), and the fact that the pathological gambler is not necessarily addicted only to casino games. Other limitations are that additional data need to be collected in relation to gambling problems associated specifically with casino activities and that a third-party assessment of gambling activities was absent.
In conclusion, the causes of gambling-related problems are complex and difficult to identify (2) . The solution to this problem will likely be found in a combination of psychological, sociobiological, environmental, and economic factors.
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